) neurons on
immortalized sympathoadrenal progenitor cell line, the lesioned side than did control animals 2 weeks transfected with trkA, respond to NGF application with following unilateral fimbria-fornix lesion. RTA also inineurite extension and proliferation (Verdi et al., 1994a) , tiated cholinergic sprouting. Infusions of RTA in comand ectopic TrkA expression is responsible for meiotic bination with an antibody that blocks p75 NGFR (REX) did maturation in Xenopus oocytes (Nebreda et al., 1991 ) not reduce the cell savings effect observed with RTA as well as survival in NGF-independent sensory neurons alone. However, animals infused with RTA plus REX (Allsopp et al., 1993) . Furthermore, chimeric receptors demonstrated significantly less sprouting. These findconstructed from the extracellular domain of tumor neings suggest that antibody-induced trkA activation is crosis factor (TNF) receptor and cytoplasmic TrkA elicit sufficient to mediate NGF-promoted survival of axosurvival and differentiation of PC12 cells upon applicatomized cholinergic neurons in vivo.
tion of exogenous TNF (Rovelli et al., 1993) , and trkAdeficient mice show marked loss of NGF-responsive Introduction sensory and sympathetic neurons (Smeyne et al., 1994) . Although mounting evidence suggests that the presThe nerve growth factor (NGF) family of neurotrophins is ence of TrkA is required to generate high affinity binding present in limited amounts in the central nervous system sites and mediate cellular responses to NGF, the relative (CNS) and is known to function in neural development, contribution of p75 NGFR is undetermined. Some investigadifferentiation, and survival (for reviews, see Barde, tors demonstrated that coexpression of p75 NGFR and 1989; Thoenen, 1991) . Central to understanding mechaTrkA was required to yield both classes of receptors nisms mediating neurotrophin signal transduction is the (Hempstead et al., 1991; Benedetti et al., 1993 ; Berg et elucidation of the molecular nature of functional neuroal., 1991) and increased the association rate of NGF, trophin receptors. NGF, the best-characterized neuroresulting in higher affinity NGF binding than that of TrkA trophin, recognizes at least two classes of cell surface alone (Mahadeo et al., 1994) . Furthermore, p75 NGFR was receptors (Meakin and Shooter, 1991) , a fast-dissociatnecessary for NGF responsiveness as assayed by c-fos ing, low affinity NGF receptor (p75 NGFR ) and a slow-dissotranscription and tyrosine phosphorylation (Berg et al., ciating, high affinity NGF receptor (tyrosine receptor ki-1991; Hempstead et al., 1991) . These data assessing nase A [trkA] ). p75
NGFR binds NGF and all other known the relative contribution of p75 NGFR to functional NGF members of the neurotrophin family (Rodriguez-Tebar receptors led to a model proposing that a receptor comet al., 1990; Ernfors et al., 1990 ) but does not possess plex consisting of both p75 NGFR and TrkA is responsible intrinsic tyrosine kinase activity (Radeke et al., 1987) .
for the biological effects of NGF (Bothwell, 1991) . HowSpecificity in neurotrophin binding is conferred by the ever, others postulate that p75 NGFR may serve as a loadTrk family of tyrosine kinases.
ing mechanism, increasing the association rate of NGF The human trk proto-oncogene encodes a 140,000
for TrkA (Jing et al., 1992; Ibañ ez et al., 1993) , or that dalton glycoprotein, designated TrkA (Martin-Zanca et p75 NGFR modifies the ligand specificity of TrkA (Benedetti al., 1989) , which acts as a functional NGF receptor et al., 1993; Barker and Shooter, 1994; Hantzopoulos et (Kaplan et al., 1991a; Klein et al., 1991) . TrkA possesses al., 1994 (Lee et al., 1992; Smeyne et al., 1994) .
REX, or rabbit serum (RS), or rats received FF lesions The most prominent cells in the CNS that express alone. Two weeks following lesion and pump implantaTrkA are NGF-responsive basal forebrain cholinergic tion, animals were sacrificed and evaluated histologineurons. Among the important functions of NGF on this cally both for lesion completeness and for antibody difpopulation is the ability to rescue septal cholinergic neufusion to the medial septum (MS). rons from axotomy when applied exogenously (Hefti, 1986; Williams et al., 1986; Kromer, 1987; Penetration of RTA and Antibody Specificity In Vivo 1988). NGF infusions have also been demonstrated to Coronal sections through the septum were immunoregulate choline acetyltransferase (ChAT) expression stained to visualize the extent of diffusion of infused (Hefti et al., 1984 (Hefti et al., , 1985 and the expression of NGF antibodies (RTA, REX, and RS). Anti-rabbit antibodies receptors (Gage et al., 1989; Higgins et al., 1989; Holtz- recognized the polyclonal rabbit TrkA antibody and man et al., 1992) and to induce sprouting of cholinergic showed the tissue distribution of RTA in the parenchyma terminals (Gage et al., 1988) .
2 weeks following chronic infusion ( Figure 2A ). Visual To discern the molecular nature of the functional NGF inspection showed that antibody penetration of RTA and receptor in vivo, we infused polyclonal antibodies diother antibody infusates (RTA plus REX, REX, and RS; rected against the entire extracellular domain of rat TrkA data not shown) was adequate to reach the cells of (RTA) into unilaterally fimbria-fornix (FF)-lesioned rats.
interest, the MS cholinergic neurons. Moreover, detecSince immunoglobulin G (IgG) fractions of RTA specifition of the distribution of RTA revealed that RTA was cally bind TrkA and function as agonists to TrkA in vitro, localized to cells (presumably cholinergic cells) of the stimulating receptor activation and autophosphorylabasal forebrain ( Figure 2B ) and the striatum (Figures 2C tion as well as cell survival and neurite outgrowth in and 2D), populations that express TrkA (Holtzman et PC12 cells and sympathetic neurons (Clary et al., 1994 (Clary et al., ), al., 1992 Gibbs and Pfaff, 1994) . Although cholinergic we hypothesized that infusions of RTA would mimic the neurons of the basal forebrain express p75 NGFR in addieffects of NGF and rescue cholinergic neurons following tion to TrkA, cholinergic neurons in the striatum only FF transection. Here, we report the effects of chronic express TrkA (Holtzman et al., 1992) . We interpret the intracerebroventricular (ICV) infusions of RTA on septal localization of the antibody to these cellular populations cholinergic neurons axotomized by FF lesion and proas evidence of the specificity of RTA in vivo. vide experimental evidence that TrkA activation is a sufficient condition for NGF-mediated rescue effects on Histological Appearance of Cholinergic septal cholinergic neurons in vivo.
Cells within the FF-Lesioned Septum Those animals demonstrating complete transection of the FF upon visual inspection and adequate penetration Results of the antibody were included in the quantitation of cholinergic MS neurons. No obvious differences in the con-
RTA Specificity
The RTA antibody was raised against a recombinant tralateral septum were observed 2 weeks following FF lesion. However, coronal sections through the MS retruncated form of the rat TrkA receptor expressed in baculovirus-infected Sf900 cells. The resulting IgG has vealed the loss of p75 NGFR -immunoreactive (IR) cells ipsilateral to the lesion (right side) in control animals ( Figure  been shown to bind the TrkA receptor specifically, but not the TrkB or TrkC receptors, by immunoprecipitation 3B). Remaining neurons on the lesioned side of control animals appeared shrunken and faintly immunoreactive. and immunoblotting analysis (Clary et al., 1994) . However, as in vivo infusions present the antibody to the Animals infused with NGF ( Figure 3A ), RTA ( Figure 3C ), or RTA in combination with REX (data not shown), in receptors in a cellular context, we sought to test whether we could detect any interaction of the RTA IgG with contrast, exhibited considerable cell savings on the ipsilateral side when compared with lesioned control anithe TrkB or TrkC receptors as expressed in cells. We transiently transfected the cell line HEK293 with plasmals. p75 NGFR -IR neurons on the ipsilateral side were not noticeably smaller or less immunoreactive than those mids directing expression of rat TrkA, rat TrkB, or rat TrkC and probed each transfection with either the RTA on the contralateral side in NGF-infused animals and appeared only slightly so in animals infused with RTA antibody or an antibody that recognizes all Trk receptors (trk.cyt). Strong expression of all three Trk receptors or RTA in combination with REX. We also observed a sprouting response in the dorsolateral quadrant of the was observed (Figure 1 ), but no cross-reaction of the RTA antibody with TrkB or TrkC was detected. From septum in animals infused with NGF, RTA alone ( Figures  3A and 3C) , and, to a lesser extent, in animals infused this result, taken together with the earlier biochemical characterization, we conclude that the binding, and with RTA in combination with REX. (Weskamp and Reichardt, 1991) . This group was included to eliminate any binding to the p75 NGFR or possible of RTA and RTA plus REX Quantification of p75 NGFR -IR neurons in the MS of control interaction of p75 NGFR with TrkA via dimerization. Comparison of the total number of MS neurons (N abs ) revealed animals (intact, CSF, lesion only, preimmune serum, or REX) by unbiased stereology revealed no differences in small, but significant, differences in the number of cells contralateral to the lesion. Significantly more neurons the number of cells present on the contralateral side, allowing us to combine these groups into an overall were observed on the contralateral side in animals infused with NGF when compared with controls or RTA control group. By the same rationale, consistent ipsilateral cell loss allowed us to pool individual control plus REX-infused animals ( Figure 4A ; p < 0.01). Nabs for RTA-infused animals was significantly different from groups. MS cell number for the combined control group was then compared with that of experimental groups RTA plus REX-infused animals (p < 0.05), but not different from that of NGF-infused animals (p < 0.01). Quantifiand NGF-infused animals. NGF-treated animals served as our positive control. Experimental groups included cation of the p75 NGFR -IR cell number in the ipsilateral MS confirmed that chronic infusion of RTA or RTA in animals infused with RTA (1.0 mg/ml) and animals infused with RTA (1.0 mg/ml) along with REX (0.1 mg/ml).
Septal Cell Savings Following ICV Infusions
combination with REX was effective in rescuing p75 NGFR -IR neurons ipsilateral to the lesion ( Figure 4B ).
REX binds p75
NGFR and has shown no biological effects other than inhibition of NGF binding to p75 N abs contralateral), 75.3% Ϯ 3.4% of the p75 NGFR -IR neuinitiating the biological effects of NGF in vitro, stimulating receptor activation and autophosphorylation, as well rons were present on the ipsilateral side as compared with the contralateral side in animals infused with RTA as cell survival and neurite outgrowth in PC12 cells and sympathetic neurons (Clary et al., 1994) . The data pre-( Figure 5 ). This result was significantly different from control animals (50.7% Ϯ 1.9%). Infusion of RTA in comsented here are the first evidence that selective activation of TrkA is sufficient to rescue septal cholinergic bination with REX did not reduce the cell savings effect seen with RTA alone (77.1% Ϯ 2.6%). NGF rescued a neurons from axotomy, mimicking the biological effects of NGF in vivo. In addition, the fact that infusions of REX significantly greater proportion of neurons on the ipsilateral side (104.9% Ϯ 2.3%).
in combination with RTA block sprouting suggests a role for p75 NGFR in cholinergic sprouting.
Sprouting of p75
NGFR -IR Fibers Chronic ICV infusions of NGF induced the sprouting of a RTA Infusions Rescue Septal Cholinergic fine network of p75 NGFR -IR processes in the dorsolateral Neurons Following Axotomy quadrant of the septum ( Figure 6A ), as do infusions of Using unbiased stereology, we estimate that approxi-RTA ( Figure 6B ) and, to a much lesser extent, RTA inmately 15,000 cholinergic neurons comprise the MS. fused along with REX ( Figure 6C ). Densitometric quantiExtensive evidence indicates that, following FF lesion, tation of p75 NGFR -IR sprouting demonstrated no signifiroughly half of these degenerate and die within 2 weeks cant differences in the amount of sprouting in individual (Arimatsu et al., 1988; Montero and Hefti, 1988 ; Tuszyncontrol groups and allowed them to be combined into ski et al., 1990). However, some studies suggest that an overall control group. Animals infused with RTA demnot all of these cells die, but that some persist in a onstrated a significant amount of sprouting when comdysfunctional state for extended periods of time (Hagg pared with control animals or animals infused with RTA et al., 1988; Naumann et al., 1992) . Chronic infusions of in combination with REX (Figure 7) , whereas NGF-in-RTA alone or in combination with REX were effective in fused animals showed significantly more sprouting than supporting approximately 75% of the total cholinergic both experimental and control groups. RTA plus REXpopulation following axotomy, whereas approximately infused animals did not differ from controls.
half of the lesioned cholinergic population degenerated in control animals. ICV infusion of NGF increased the total number of Discussion neurons by a small but significant amount on the contralateral, or unlesioned, side of the MS, an effect that has To resolve whether TrkA activation is sufficient to mediate signal transduction, we infused IgG fractions of antinot previously been described. expression overlaps with ChAT expression in approximately 90% of MS neurons (Batchelor et al., 1989 ) and with TrkA in over 90% of MS neurons (Gibbs and Pfaff, 1994), thus providing an accurate approximation of cholinergic neurons. Second, the antibody used to detect p75 NGFR is a monoclonal antibody, and the secondary antibody used to identify it does not bind the polyclonal antibody infused and distributed throughout the septum, which obscures the cells and boundaries of the MS. Third, the neuropil is more distinct when immunostained with p75
NGFR than with ChAT, so a more accurate volume of the MS nucleus can be defined. For these reasons, MS boundaries can be consistently defined, allowing for objective criteria for inclusion of structures (see Experimental Procedures). TrkA activation to remain viable after axotomy, since RTA infusions rescue cholinergic neurons following axotomy, and infusions of REX with RTA do not diminish Higgins et al., 1989; Holtzman et al., 1992) neurons, NGF-induced neurite outgrowth, or rapid phosinsufficient to bind and activate fully all functional TrkA phorylation of phospholipase C-␥1 (PLC␥1; Vetter et al., receptors; third, some p75 NGFR -IR septal cholinergic neu-1991). Additionally, oligomerization of TrkA with antirons do not express TrkA and therefore are not rescued body-induced cross-linking is sufficient to mimic NGF by RTA; fourth, concomitant p75 NGFR and TrkA activation responsiveness in PC12 and sympathetic neurons in the absence of NGF (Clary et al., 1994) . Other reports also indicate that p75 NGFR is not a necessary component of the signal-transducing receptor complex, suggesting rather a homodimerization of TrkA to mediate NGF signaling (Radeke and Feinstein, 1991; Jing et al., 1992) . Importantly, a mutant NGF molecule that binds TrkA, but not p75 NGFR , retains biological activity, promoting NGF-dependent survival and differentiation (Ibañ ez et al., 1992) . The failure to detect direct associations between p75
Is NGF-Independent TrkA Activation Sufficient
NGFR and TrkA by immunoprecipitation or cross-linking strengthens the suggestion that a receptor complex consisting of both components is not the prevalent mechanism for NGF signal transduction.
As expected, NGF rescued approximately 100% of lesioned cholinergic neurons. When compared with NGF, infused at 100 g/ml (a dose that has previously been demonstrated to rescue all cholinergic neurons axotomized by FF lesion; Williams et al., 1986) , RTA was apparently not completely effective at rescuing choliner- ), and some intensity using peroxidase immunohistochemistry is not reports indicate that the presence of p75 NGFR , along with linear, we were unable to assess accurately the relative TrkA, is necessary to mediate signal transduction amounts of antibody that penetrated the tissue. One (Hempstead et al., 1991; Berg et al., 1991) . A variety of animal, inadvertently infused intraseptally (allowing the studies support the proposed importance of p75 NGFR in antibody greater access to MS neurons), displayed the NGF signaling. When expressed in PC12 cells, chimeric highest proportion of cell savings (86%). This finding receptors comprised of the extracellular ligand-binding suggests that greater antibody access to the cholinergic domain of the human epidermal growth factor (EGF) cell population increases the proportion of cell savings receptor that were fused to transmembrane and cytoand that diffusion of RTA is the limiting factor in this plasmic domains of p75 NGFR resulted in neurite outgrowth experiment. It is important to note that doses of NGF and nuclear signaling in response to EGF application lower than 100 g/ml are not nearly as effective in saving (Yan et al., 1991) . In MAH cells, ectopic p75 NGFR exprescholinergic neurons following axotomy (Barnett et al., sion in excess amounts enhanced NGF-induced auto-1990), and we chose a saturating dose of NGF (100 g/ phosphorylation of TrkA on tyrosine residues when comml) to ensure 100% cell savings as our positive control. pared with cells expressing TrkA alone (Verdi et al., Alternatively, rescue of some cholinergic cells follow1994b). Biologically, disruption of the p75 NGFR gene in ing FF lesion may require p75 NGFR activation, alone or in homozygous mice resulted in decreased sensory incombination with TrkA activation. Overlapping distribunervation of the footpad (Lee et al., 1992 (Lee et al., , 1994 , and tion of p75 NGFR and TrkA in MS neurons (> 90%), as trigeminal sensory neurons derived from these animals indicated by in situ hybridization or immunocytochemishowed reduced responsiveness to NGF (Davies et al., cal studies (Gibbs and Pfaff, 1994) , suggests that only 1993), indicating that p75 NGFR increases the sensitivity a very small population might utilize different receptor of neurons toward NGF. p75 NGFR may also mediate an signaling mechanisms. Other investigators, however, apoptotic signal in NGF-responsive neurons during dehave stressed the importance of a specific ratio of velopment (Rabizadeh et al., 1993; Barrett and Bartlett, p75 NGFR -to-TrkA expression (10:1; Hempstead et al., 1994) . 1991), the in vivo detection of which is beyond the limits Our data suggest that at least a portion of cholinergic of immunohistochemical or in situ hybridization methneurons do not require p75 NGFR binding to initiate rescue ods. Still others hold that p75 NGFR increases the associafollowing FF lesion. RTA specifically activates TrkA, and, tion rate of NGF for TrkA (Jing et al., 1992; Ibañ ez et al., when it is infused in combination with REX, which has 1993) or modifies the ligand specificity of TrkA (Benebeen demonstrated to block but not activate p75 NGFR , detti et al., 1993; Clary et al., 1994) , and the fact that there is no reduction in the cell savings effect. Addition of REX blocks some high affinity binding sites in vitro indi-REX does, however, result in significantly less sprouting, cates that some high affinity sites may be p75 NGFR -dependent (Weskamp and Reichardt, 1991 lularly, inhibiting interaction of both the extracellular and intracellular domains of p75 NGFR with itself or with TrkA.
Surgical and Histological Procedures
Inhibition of p75 NGFR interaction by REX could account in vitro (Ibañ ez et al., 1992) and may also further eluciNa, 150 mM; K, 3.0 mM; Ca, 1.4 mM; Mg, 0.8 mM; P, 1.0 mM; Cl, date the NGF receptor(s) necessary to confer signal 155 mM) (n ϭ 3), or REX (0.1 mg/ml) (n ϭ 3). Normal unlesioned transduction in vivo. Understanding the mechanism by animals (n ϭ 4) were also included in the control population. Soluwhich NGF signal transduction is further modulated in tions were continuously infused at a rate of 0.5 l/hr for 2 weeks, different biological responses (e.g., survival versus at which time animals were sacrificed. Rats were anesthetized (as described above) and transcardially sprouting) also promises to provide an interesting area perfused with 50 ml of saline followed by 250 ml of ice-cold 4% of study. chosen for quantitative analysis (n ϭ 26). Cell numbers were determined by quantitative stereology as previously described (Peterson et al., 1994) . For the purposes of this paper, the rostral-caudal Experimental Procedures anatomical boundaries of the MS were defined as ‫ف‬ϩ0.70 mm to Ϫ0.26 mm (as described by Paxinos and Watson) to include the MS Development and Specificity of RTA Antibody and vertical limb of the diagonal band of Broca (vdbB) from where Preparation of the RTA antibody has been described (Clary et al., it can be distinguished from the horizontal limb of the diagonal 1994). In brief, the DNA sequence encoding the extracellular domain band of Broca (hdbB) to just prior to the crossing of the anterior of the rat TrkA receptor was generated by polymerase chain reaction commisure. We defined the MS as this area because both the MS (PCR) and inserted into a baculovirus transfer vector. A recombinant nucleus and the vdbB are affected by the lesion, and in practice, baculovirus expressing the extracellular domain of rat TrkA was the boundary distinction between the vdbB and hdbB is more disisolated and purified; Sf900 cells were infected with the virus, and tinct than the more artificial boundary between the MS and vdbB. the recombinant extracellular domain of TrkA was purified from
The lateral boundaries included the MS cells that were interspersed the medium by lentil lectin and anion exchange chromatography.
within the neuropil of the MS nucleus. Rabbits were immunized with the recombinant protein, and RTA IgG was prepared from their serum as described (Clary et al., 1994) . RTA has been shown to recognize TrkA, but not TrkB or TrkC, by
Cavalieri Estimator of Reference Volume
The volume of the MS was determined by the method of Cavalieri immunoblot analysis and immunoprecipitation. Preparation of the REX IgG recognizing the extracellular domain of p75 NGFR was done (Michel and Cruz-Orive, 1988) as previously described (Peterson et al., 1994; Peterson and Jones, 1993) . In brief, a point-counting grid with a similar protocol and has been described (Weskamp and Reichardt, 1991) .
printed on an acetate sheet was placed over the video monitor upon which the entire MS was displayed from a low power objective (4ϫ). To test the cellular specificity of the RTA antibody, HEK293 cells were transiently transfected with the rat TrkA, rat TrkB, or rat TrkC
The area around each point was calibrated with a stage micrometer. By knowing the distance (d) between sections and multiplying that cDNA in the vector CDM8 by the lipofectamine method (GIBCO BRL) and stained with 2 g/ml of either the RTA or trk.cyt IgG. The trk.cyt by the area per point (Ap), we used each point as a volume probe.
The total volume (Vref) of the MS was determined by counting the This work was supported by NIH grants 5T32 AG00216, AG06088, AG08514, and NS28121. number of points (Q) overlying the MS in semiserial (one-in-six) sections and multiplying that sum (⌺Q) by the volume associated
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby with each point by the formula V ref ϭ (⌺Q)(d)(Ap).
marked "advertisement" in accordance with 18 USC Section 1734 solely to indicate this fact.
Optical Disector Estimator of Neuron Number
The numerical density of p75 NGFR -IR MS neurons in a known volume Received June 26, 1995; revised December 6, 1995. was determined by the unbiased optical dissector method (Sterio, 1984) , which has been previously described (Peterson et al., 1994) . Briefly, a one-in-six series of coronal sections was observed on an References Olympus Vanox AH2 microscope with a high-numerical-aperture Allsopp, T.E., Robinson, M., Wyatt, S., and Davies, A.M. (1993) . objective (40ϫ). An unbiased counting frame was printed on an Ectopic trkA expression mediates a NGF survival response in NGFacetate sheet and placed on a high resolution monitor screen on independent sensory neurons but not in parasympathetic neurons. which the video signal from the microscope was displayed. Calibra-J. Cell Biol. 123, 1555-1566. tion of focusing depth (z-travel) was accomplished with an electronic microcator (Heidenhain model MT12).
Arimatsu, Y., Miyamoto, M., Tsukui, H., and Hatanaka, H. (1988) . Neuronal estimates were compiled for each side of the MS. Each
Nerve growth factor promotes survival of retrogradely labeled hipsection was positioned so that the counting frame overlaid the dorpocampus projecting neurons in the rat basal forebrain in vitro. Dev. sal tip of the septum on one side of the midline. The counting frame Brain Res. 45, 297-301. was applied to that region and every second region in a lateral Barde, Y.-A. (1989) . Trophic factors and neuronal survival. Neuron direction until the lateral border of the MS was reached, whereafter 2, 1525-1534. the counting frame was returned to the midline. Those cells that fell Barker, P.A., and Shooter, E.M. (1994) . Disruption of NGF binding directly on the midline were excluded by positioning the counting to the low affinity neurotrophin receptor p75 LNGFR reduces NGF bindframe 40 m from the actual midline. The number of neurons that ing to trkA on PC12 cells. Neuron 13, 203-215. fell in the frame was counted according to the rules for the optical Barnett, J., Baecker, P., Routledge-Ward, C., Bursztyn-Pettegrew, disector (Sterio, 1984; Peterson et al., 1994) NGFR from a one-in-7859-7863. six series through the MS were projected from an Olympus Vanox Berg, M.M., Sternberg, D.W., Hempstead, B.L., and Chao, M.V. AH2 microscope with a low-numerical-aperture objective (4ϫ) and (1991) . The low-affinity p75 nerve growth factor (NGF) receptor media photo lens of 2.5. The ipsilateral septum was displayed on a high ates NGF-induced tyrosine phosphorylation. Proc. Natl. Acad. Sci. resolution monitor screen via a video signal from the microscope.
USA 88, 7106-7110. The area displayed approximated the ipsilateral dorsal septum extending from the corpus callosum to the base of the lateral ventricle Bothwell, M. (1991) . Keeping track of neurotrophin receptors. Cell and from the midline to the center of the lateral ventricle. The image 65, 915-918. was captured onto a Macintosh Quadra 700 running NIH Image Clary, D.O., Weskamp, G., Austin, L.R., and Reichardt, L.F. (1994). 1.55b5 and saved to an optical disk. Sections were analyzed offTrkA cross-linking mimics neuronal responses to nerve growth facline by a macro sequence in the Image program to ensure that a tor. Mol. Biol. Cell 5, 549-563. constant density threshold value was applied to each section. A Davies, A.M., Lee, K., and Jaenisch, R. (1993) . p75-deficient trigemibox corresponding to approximately 300 ϫ 300 m (90,000 m 2 ) nal sensory neurons have an altered response to NGF but not to was then overlaid over identical areas of the tissue by way of a other neurotrophins. Neuron 11, 565-574. macro sequence, and four areas per section were systematically sampled in the dorsolateral septum. All pixels in the sampled areas Ernfors, P., Wetmore, C., Olson, L., and Persson, H. (1990). Identifiabove the set threshold were considered to represent sprouting cation of cells in rat brain and peripheral tissues expressing mRNA fibers. Twenty measurements of total pixels above threshold were for members of the nerve growth factor family. Neuron 5, 511-526. thus saved for each animal and summed to obtain the amount of Gage, F.H., Bjorklund, A., and Stenevi, U. (1983) . Reinnervation of total p75 NGFR -IR sprouting per animal. the partially deafferented hippocampus by compensatory collateral sprouting from spared cholinergic and noradrenergic afferents.
Statistical Analyses
Brain Res. 268, 27-37. A multiway analysis of variance was performed to test for signifiGage, F.H., Armstrong, D.M., Williams, L.R., and Varon, S. (1988) . cance between groups. Fisher posthoc comparisons yielded statistiMorphological response of axotomized septal neurons to nerve cal significance when indicated. All statistical analyses were pergrowth factor. J. Comp. Neurol. 269, [147] [148] [149] [150] [151] [152] [153] [154] [155] . formed by use of analyses of variance with 95% and 99% confidence Gage, F.H., Batchelor, P., Chen, K.S., Chin, D., Higgins, G.A., Koh, intervals.
S., Deputy, S., Rosenberg, M.B., Fischer, W., and Bjorklund, A. (1989) . NGF receptor re-expression and NGF-mediated cholinergic
